Introduction
There has been substantial growth in the prevalence and popularity of electronic cigarettes (e-cigarettes; a battery operated device that vaporizes nicotine for inhalation) since they were developed in 2004, possibly motivated by advertisements that market them as a safer alternative to tobacco cigarettes . The rapid adoption of e-cigarettes into the market, despite unanswered questions about their overall public health impact, is a cause for concern among doctors, researchers, and policy makers. This is particularly true given studies that have shown e-cigarettes to deliver an equal, or possibly greater, amount of nicotine than tobacco cigarettes (Goniewicz et al. 2013; Vansickel and Eissenberg 2013) . In Abstract Objectives The current study is the first to assess pregnant women's perceptions of e-cigarettes and the prevalence of e-cigarette use during pregnancy, using a national sample of pregnant women (N = 445) recruited online. Methods An online survey was used to assess the prevalence and perceptions of e-cigarette use among pregnant women, including perceptions of e-cigarette safety. Results In our sample, 5.62% (n = 25) of women solely used tobacco cigarettes, 6.52% (n = 29) solely used e-cigarettes, 8.54% (n = 38) used both tobacco cigarettes and e-cigarettes, and 79.33% (n = 353) used neither tobacco cigarettes nor e-cigarettes during their current pregnancy. Overall, 64.27% (n = 286) of participants viewed e-cigarettes as being safer than tobacco cigarettes. Having seen advertisements for e-cigarettes increased likelihood of viewing them as safer than tobacco cigarettes (OR [Odds Ratio] = 2.5, p < .01). Conclusions for Practice Taken together, findings from this study suggest that at least as many women use e-cigarettes during pregnancy as tobacco cigarettes, that pregnant women view e-cigarettes as being safer than tobacco cigarettes, and that these views may be influenced by exposure to e-cigarette advertisements.
addition, although men are more likely to report awareness of e-cigarettes, women are more likely to try them (King et al. 2013) . Taken together, it is possible that pregnant smokers, a subsample of women who may be particularly motivated to change their smoking habits and to improve their overall health, may be likely to initiate and engage in e-cigarette use during pregnancy. However, little research has specifically examined rates of e-cigarette use among pregnant women in the United States. Given the robust evidence demonstrating an association between prenatal exposure to nicotine and adverse health, behavioral, and cognitive outcomes in offspring (Mezzacappa et al. 2011; Wiebe et al. 2015) , understanding the rates and motivations of e-cigarette use among this population is a key research question motivating the current study.
E-cigarettes are marketed as healthier alternatives to tobacco products which may increase their appeal to women who smoke when they become pregnant. Although research suggests that levels of toxicants in e-cigarette aerosols are one to two orders of magnitude lower than in combustible tobacco products, trace levels of toxicants, including formaldehyde, acetaldehyde, nickel, and lead, are still present ). While there is some variability in the reported amount of nicotine vaporized by e-cigarettes (i.e., 21-85% of nicotine present in cartridges), the majority of research suggest significant amounts of nicotine delivery (Etter 2014; Goniewicz et al. 2013; ). One study which tested e-cigarettes of varying levels of nicotine found that e-cigarettes deliver between 0.5 and 15.4 ng/ mL (Goniewicz et al. 2013 ) and another reported a rise in participants' serum cotinine of approximately 20 ng/mL immediately after use (Flouris et al. 2013) . Despite evidence suggesting e-cigarettes can deliver less nicotine per puff than tobacco cigarettes (Bullen et al. 2010; Goniewicz et al. 2013) , some research shows that nicotine absorption from e-cigarette use can equal or surpass that of conventional tobacco cigarettes as the user gains experience (Etter 2014) .
Efficient nicotine delivery from e-cigarettes is especially problematic during pregnancy. Previous research on tobacco cigarettes has found that nicotine readily crosses the placenta and fetal concentrations can exceed those in the mother, which has potential to interfere with delivery of oxygen to fetal tissues (Lambers and Clark 1996) . In turn, prenatal nicotine exposure has been linked to negative effects on the central nervous system (such as cell damage and disrupted development) that lead to problems with regulatory activities and reactivity to stress (Kinney et al. 1993) , cardiac functioning (Fried and Makin 1987; Schuetze and Zeskind 1997; Schuetze et al. 2009 ), somatic motor control, and sleep-wake state organization (Stéphan-Blanchard et al. 2008) . Additionally, prenatal exposure to nicotine is correlated with a number of severe health issues such as low birth weight, prematurity, asthma, congenital heart defects, higher risk of future addiction (Benowitz 2008; Wakschlag et al. 2002; Windham et al. 2000) , adverse behavioral outcomes including higher risk of aggression, attention deficit hyperactivity disorder, conduct disorder, and delinquency (Button et al. 2005; Day et al. 2000; Fergusson 1999; Thapar et al. 2003; Wakschlag et al. 2002) , as well as cognitive deficits in language, memory, and general intellectual ability (Cornelius et al. 2001; Fried et al. 1980; Mezzacappa et al. 2011) . However, even with all of these known health risks from tobacco cigarettes, one recent study detected high-level nicotine exposure for 16.5 percent of women and low-level exposure for an additional 7.5 percent of their sample, despite only 8.6 percent of their sample reporting cigarette use (Hall et al. 2016) . Further, less than half (37−46%) of all women who smoke will quit before or during pregnancy (Colman and Joyce 2003) . Thus far, no prevalence estimates have been reported for e-cigarette use during pregnancy, though we hypothesize that it may be equal to or exceed rates of traditional cigarette use.
E-cigarettes were not tested and approved by regulatory agencies (e.g., U.S. Food and Drug Agency (FDA), U.K. Medicines and Healthcare Products Regulatory Agency) prior to their release in the global market (Trtchounian and Talbot 2011) , although in 2016, the FDA expanded their coverage to include electronic cigarettes. Thus, for several years, e-cigarette packaging and advertisements were not federally required to display warning messages about smoking-related pregnancy complications. This fact is especially concerning that changes in market share resulting from advertising are due mainly to young smokers and that the content of e-cigarette advertisements may particularly appeal to young people because they emphasize themes of independence and maturity (Duke et al. 2014; Pierce et al. 1991) . Given that our study was conducted prior to the regulation of e-cigarettes by the FDA, we hypothesize that exposure to e-cigarette advertisements will be high among pregnant women, and that viewing advertisements will be related to women's perceptions of e-cigarette safety.
The current study is the first to examine not only the prevalence of e-cigarette use among pregnant women, but also exposure to advertisements and perceptions of safety of these devices. We specifically examine the extent to which pregnant women view e-cigarettes as a safe alternative to tobacco cigarettes. These aims address sizeable gaps in the nicotine literature and promise to inform future research and regulatory efforts.
Methods

Participants and Procedures
Data were obtained from on online survey of pregnant women (N = 445) recruited using a national website survey service (Amazon Mechanical Turk or MTurk). MTurk is an online labor market where requesters post opportunities to complete tasks for compensation. The behavior of MTurk participants is comparable to that of other recruitment methods, and MTurk has been identified as a useful tool for conducting behavioral research (Mason and Suri 2012) . Participant IP addresses, randomly generated identification numbers, and location information were collected solely for the purposes of restricting duplicate submissions, and were not retained in the final dataset. Because the study was conducted online, we employed a number of steps to maximize the likelihood that participants were pregnant women. The survey was advertised as a set of questions focused on experiences of adults living in the United States. Participants were informed that they would complete a 5-question unpaid screener prior to completing the study but were not given any additional information regarding desired qualifications. Those who met the criteria for participation provided sociodemographic characteristics, including age, race/ethnicity, education, household income, and rurality. Compensation for participation was sent through protocols established by Amazon Mechanical Turk. Although the study protocol was reviewed and designated as exempt by the University of North Carolina at Chapel Hill Institutional Review Board (UNC-IRB) due to the lack of identifying information collected and the low risk associated with participation, the research was conducted in accord with prevailing ethical principles of the UNC-IRB. All data were collected in July and August 2015.
Measures
The online survey included a series of questions intended to assess the prevalence and perceptions of electronic cigarette use among pregnant women. All of the items included in the survey were reviewed by experts affiliated with the Center for Regulatory Research on Tobacco Communication at the University of North Carolina at Chapel Hill and were piloted by electronic cigarette users in the community.
Prevalence of Electronic Cigarette Use Among Pregnant Women
Participants were asked a series of questions that assessed the extent to which they used electronic and tobacco cigarettes before and during their current pregnancy. Possible responses to describe participants' frequency of use included 'tried once', 'less than once a week', 'once a week', more than once a week', and 'daily'. Participants were also asked if they switched to or began using electronic cigarettes when they learned that they were pregnant, if their use had increased, decreased, or stayed the same over the course of their pregnancy, and if they intended to alter their use from the time of survey completion until the end of their pregnancy. Participants who indicated that they used electronic cigarettes during pregnancy were offered an opportunity to provide a written response describing the reason they began using e-cigarettes. Questions regarding the use of electronic and tobacco cigarettes were only completed by participants who indicated that they were currently using either form of cigarette at the time of survey completion.
Exposure to Advertisements and Perceptions of Electronic Cigarettes Among Pregnant Women
Participants were asked a number of questions regarding the extent to which they had seen advertisements (e.g. internet, print, television) for electronic cigarettes in the past. They were also asked to indicate their agreement with several statements relating to the safety of electronic cigarettes, both in general and for pregnant women. Finally, participants responded to a set of questions concerning the regulation and sale of electronic cigarettes. For example, participants were asked if they believed that electronic cigarettes should be regulated like tobacco cigarettes, if they should be available for purchase on the internet, and if they should be available for purchase by minors. All participants completed questions regarding advertisement exposure and perceptions of electronic cigarettes, regardless of current electronic or tobacco cigarette use.
Analytic Strategy
We created four groups based on participants' responses to questions regarding their electronic and tobacco cigarette use during pregnancy: tobacco cigarette-only users, electronic cigarette-only users, dual users, and non-users. One-way analysis of variance (ANOVA) procedures were used to compare demographic differences and patterns of use across these four groups. We then performed logistic regression analyses using dummy-coded grouping variables to compare participants' perceptions of electronic cigarettes, likelihood of having seen electronic cigarette advertisements, and views on e-cigarette safety and regulation across the four groups described above. Analyses controlled for demographic covariates, including age, race/ ethnicity, education, household income, and rurality. All participants (n = 445) provided complete data. Analyses were conducted using SAS version 9.3 (SAS Institute Inc.). In order to aid interpretation, analyses were specified to model the likelihood of endorsing a given outcome.
Results
Demographics
Participants who indicated that they were under the age of 18, male, or currently not pregnant were informed that they did not qualify for the study. Of 14,467 people who viewed the survey, 12,427 completed the screener questions. Of these, 4,918 (38%) were male and 7,644 (62%) were female. A total of 607 of the 7,644 (7.9%) women who completed the screener were pregnant. A final sample of 445 pregnant women consented to participate in the study and provided data (Fig. 1) . Participating women ranged in age from 18 to 45 (M age = 27.63, SD = 5.34). Maternal race was 72.58% (n = 323) Caucasian, 15.06% (n = 67) African-American, and 12.36% (n = 55) other or mixed race with several mothers reporting more than one race. Reported income ranged from less than $10,000 to more than $150,000 with 75% of the sample reporting income between $20,000 and $75,000. At the time of the time of participation, about 8% of mothers had completed a GED or high school degree, 31% had completed some post-secondary courses, 13% had completed an associate's degree, and 36% of women had received a degree from a four-year college. A slight majority of participants reported living in a 'suburban' area (52.13%, n = 232), while 33.71% (n = 150) reported living in an 'urban' area and 14.16% (n = 63) reported living in a 'rural' area. A majority of women (63.37%, n = 282) were primiparous (i.e. pregnant for the first time).
Prevalence of Electronic Cigarette Use Among Pregnant Women
In our sample, 5.62% (n = 25) of women were tobacco cigarette users, 6.52% (n = 29) were e-cigarette users, 8.54% (n = 38) used both tobacco cigarettes and e-cigarettes, and 79.33% (n = 353) used neither tobacco cigarettes nor e-cigarettes. Of the e-cigarette users, 74.6% (n = 50) reported switching to e-cigarettes when they learned they were pregnant. E-cigarette users (M age = 26.6 years.) and dual users (M age = 27.1 years.) were significantly younger than cigarette-users (M age = 30.6), f(3) = 3.24, p < .05. Type of use (i.e. e-cigarette, tobacco cigarette, or dual use) did not vary by race, income, or rurality (Table 1 ). There were no differences in the frequency of use of electronic cigarettes during pregnancy between e-cigarette users and dual users, f(1) = 0.50, p = .48. E-cigarette users were more likely to be satisfied with their experiences using electronic cigarettes during pregnancy than were dual users, although this difference only approached significance (odds ratio [OR] = 2.8, p = .06 [95% CI, 0.9-13.4]).
Exposure to Advertisements and Perceptions of Electronic Cigarettes Among Pregnant Women
Overall, 64.27% (n = 286) of participants viewed electronic cigarettes as being safer than tobacco cigarettes in general. However, only 35.28% (n = 157) of participants viewed electronic cigarettes as being safer than tobacco cigarettes for pregnant women. E-cigarette users and participants who used both electronic and tobacco cigarettes during pregnancy were significantly more likely to view electronic cigarettes as being safer than tobacco cigarettes in general (OR = 9.7, p < .01 [95% CI, 2.3-42.2] and OR = 3.7, p < .01 [95% CI, 1.5-9.2], respectively) and during pregnancy (OR = 13.4, p < .01 [95% CI, 4.9-36.9] and OR = 10.9, p < .01 [95% CI, 4.7-25.1], respectively) compared to women who did not report smoking during pregnancy. Tobacco cigarettes users did not differ from those who did not smoke in their views regarding the safety of electronic cigarettes in general (OR = 0.7, p = .52) or during pregnancy (OR = 2.0, p = .11). A majority of the sample (83.15%, n = 370) reported that they have seen advertisements for electronic cigarettes, which was associated with an increased likelihood of viewing them as safer than tobacco cigarettes in general (OR = 2.5, p < .01 [95% CI, 1.5-4.1]) and for pregnant women (OR = 2.1, p < .05 [95% CI, 1.2-3.8]), controlling for demographics and tobacco use group. There were no differences between use groups in the likelihood of having ever seen an electronic cigarette advertisement. Of the 50 participants who indicated that they switched to or began using electronic cigarettes when they learned they were pregnant, 46% (n = 23) wrote that 14,467 people viewed the study.
12,427 people completed the screener questions.
2,040 people did not complete the screener questions. 607 people were women and pregnant.
4,918 people were male. 7,644 were female. 445 pregnant women consented and participated.
353 used neither tobacco nor e-cigarettes 25 used only tobacco cigarettes 29 used only e-cigarettes 38 used both tobacco and e-cigarettes 96 failed to consent. 66 deleted due to duplicate data. Fig. 1 Flow of pregnant women recruitment and participation they did so because they are safer than tobacco cigarettes or would do less harm to their child, 18% (n = 9) indicated that they did so in order to quit using tobacco cigarettes, and two participants indicated that they began using electronic cigarettes at the direction of their health care provider. A majority of participants indicated that electronic cigarettes should be regulated like tobacco cigarettes (67.87%, n = 302), should not be sold to minors (89.89%, n = 400), and pose similar public health risks as tobacco cigarettes (55.28%, n = 246). A larger proportion of tobacco cigarette users than e-cigarette users indicated that electronic cigarettes should be regulated like tobacco cigarettes (72 vs. 44%, respectively; f(1) = 4.23, p < .05), and pose similar public health risks as tobacco cigarettes (56% vs. 21%, respectively; f(1) = 6.11, p < .05), controlling for demographic variables. However, tobacco cigarette users and e-cigarette users did not differ in their views regarding sales to minors (16 vs. 17%, respectively; f(1) = 0.01, p = .91).
Discussion
There has been growth in the prevalence and popularity of e-cigarette use in recent years. Studies of U.S. adults found that awareness of e-cigarettes doubled between 2009 and 2010 (Regan et al. 2011) , that the number of people who have ever used an electronic cigarette increased from 1.8%
[2010] to 13% [ ] (McMillen et al. 2014 , and that the number of people who currently use e-cigarettes increased from 0.3% [2010] to 6.8% [ ] (McMillen et al. 2014 . Despite the increase in e-cigarette use and the significant policy and health implications of prenatal nicotine . Findings from this study suggest that rates of e-cigarette use among pregnant women may exceed those of tobacco cigarette users, that e-cigarette use may be initiated when women learn they are pregnant, and that advertisements may contribute to e-cigarette use during pregnancy. These data are the first to provide estimates for the prevalence of e-cigarette use during pregnancy, using data collected from a large, nationwide sample. This demographic is a particularly important one to study, given the consistent links between prenatal nicotine exposure and negative perinatal outcomes (Lambers and Clark 1996) . The current findings suggest that the rate of e-cigarette use during pregnancy, both alone or in combination with tobacco cigarettes, approaches 13% and may exceed the rate of sole tobacco cigarette use. Because e-cigarettes deliver significant and potentially variable amounts of nicotine (Czogala et al. 2014; Dawkins and Corcoran 2014) , the rates of e-cigarette use found in the current study remain a cause for concern. This study also offers preliminary evidence that many of the women who use e-cigarettes during pregnancy initiated use when they learned that they were pregnant. Further, our data are the first to suggest that exposure to advertisements for e-cigarettes may be one factor influencing women's beliefs about the safety of these devices. The possibility remains that individuals who view e-cigarettes as safer than tobacco cigarettes may be more likely to remember and report seeing e-cigarette advertisements. Despite this possibility, this study offers preliminary insight on prevalence and perceptions of e-cigarettes among pregnant women which has implications for practitioners and policy makers regarding the regulation and use of these devices.
The findings of this study are strengthened by the use of a large, diverse sample, a comprehensive assessment of both prevalence and perceptions of e-cigarettes, and statistical control for important covariates. The nature of data collection limited the extent to which we could collect detailed information regarding patterns of use across pregnancy and future studies should assess the extent to which use patterns differ across trimesters. Relatedly, the current study did not include data on past cigarette use, an important next step for research focused on examining the extent to which pregnancy disrupts trajectories of smoking across time. Although the current study included a large sample, small subgroup samples can lead to unstable estimates and future studies may benefit from targeted recruitment of tobacco and e-cigarette users. Additionally, this study relied on maternal-self report, as is standard with the majority of work on cigarette use during pregnancy. An important next step is to incorporate biological measurement of prenatal toxicity associated with e-cigarette use during pregnancy and to link use with important birth outcomes including birth weight and prematurity.
